Figure 1. The Seima-Turbino spearheads and their imitations from the Ural Mountains to northern
hook fragment from the Erlitou Culture layer (Henan Institute of Archaeology 1989). That spearhead was discarded during the Bronze Age of the Erlitou Culture (c. 1900-1500 BC) (Liu & Chen 2012) .
The jade pendants
One spearhead from the western Liao River area (with no archaeological context) is housed at the Chaoyang Museum in Liaoning. Our research suggests that it was unearthed together with a semi-annular jade pendant (of jade-huang), by a local farmer. This is attributed to the Taosi Culture (c. 2500-1800 BC) (Gu 2015) , a date contemporaneous with the Lower Xiajiadian Culture (c. 2000-1400 BC). Strassberg (2003; Shan Hai Jing) describes semi-annular jade pendants as part of ritual ware from the Chinese Xia dynasty. He recounts that: "In his [the Xia sovereign, Qi] left hand, he held a feathered pennant, in his right, a jade ring, and he wore a jade semicircle [read, semi-annular jade pendant] on his belt" (Strassberg 2003: 168) . The earliest According to our investigation, the spearhead was excavated along with the semi-annular jade pendant. We could, therefore, conclude that they are of the same date. Through the study of the semi-annular jade pendant, the date of Seima-Turbino spearheads in China was further determined. (Jade-huang of this type was also found in the Taosi and Qijia Cultures.) The semi-annular jade pendant is, however, traditionally a ritual object in China. The archaeological association of the pendant with the Seima-Turbino-style spearhead suggests a transitional function for the latter-from weapon to ritual object.
Discussion and conclusion
To develop the theory on the origin of Chinese metallurgy further, two observations have been made. First, a chronological observation suggests that the early spearheads have a narrower head in the shape of a willow leaf with a hook and triple-line decorations (Figure 1 : 2-3), whereas the later spearheads have a wider willow-leaf-shaped head but retain the triple-line decoration (Figure 1: 1) . The former type is similar to south Siberian Okunevo culture spearheads (c. 2400-1800 BC), while examples of the latter type are from the Rostovka Cemetery near Omsk (Figure 1: 1) (Chernykh 1992; Svyatko et al. 2009 ).
Spearheads of the latter type have also been discovered in China (Figure 1: 4) . These Chinese imitations are, however, in the shape of a broad leaf, without the triple-line
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The origins of metallurgy in China decoration. The metal spearhead from Chaoyang has a narrower head in the shape of a willow leaf but lacks a hook (Figure 1: 6) . This is the same form as the Rostovka Cemetery spearheads, and similar to the Seima-Turbino spearhead housed in the Shanxi Crafts Museum. Examination of the Chaoyang spearhead indicates that it was made of a Cu-Sn alloy.
The Niuheliang site, which yielded evidence for Chinese bronze casting, is very valuable to the study of the origins of Chinese metallurgy (Li et al. 1999) . Although this site was initially dated to the Hongshan Culture (c. 4500-3000 BC) (Liu & Chen 2012) , radiocarbon analysis has placed it at 3300±300 to 3494±340 cal BC, roughly correlating in date to the Lower Xiajiadian levels at the site Gu 2015) .
These new observations suggest that the distribution of metal spearheads from the Seima-Turbino Culture to northern China represents the diffusion and spread of the metallurgical technique. From the metallurgical perspective in particular, the bronze casting of spearheads indicates the origin of piece-mould casting and core-casting technology, which influenced the bronze vessel casting method in China. We therefore suggest that the early Chinese metallurgy of the Lower Xiajiadian Culture in the western Liao River area can be linked to the Seima-Turbino Culture; this technique had spread from the Altai Mountain area to northern China via the Taosi Culture. After spreading to the Lower Xiajiadian Culture, it finally arrived at the Qijia Culture of Qinghai and Gansu provinces in the west (Figure 3 ).
